Abstract : Absence of portal vein bifurcation is a rare anomaly. We report a patient with this anomaly who underwent right hemihepatectomy for treatment of hepatocellular carcinoma. Although the procedure was carefully performed with a preoperative three-dimensional simulation and intraoperative cholangiography, postoperative portal vein thrombosis occurred.
INTRODUCTION
Absence of portal vein bifurcation (APVB) is a rare anomaly that was initially reported in 1957 by Couinaud (1). Marks et al. reported that this anomaly, in which no left or right primary extrahepatic branch exists, is present in 0.03%-2% of all cases (2) . Failure to recognize this anomaly in patients receiving right hemihepatectomy could cause misligation of the main portal vein and portal vein thrombosis with multiple organ failure (3) . Therefore, detailed preoperative simulation and planning of liver resection are necessary (4) . This report presents a rare case of APVB with postoperative portal vein thrombosis following liver resection.
CASE PRESENTATION
A 61 -year-old man was referred to our department after a liver tumor was detected at a health check-up. The patient had a history of chronic hepatitis C and interferon therapy. Laboratory tests revealed the following : leukocytes, 5400/mm 3 ; hemoglobin, 15.0 g/dl ; platelets, 18.9! 10 4 /mm 3 ; albumin, 4.0 g/dl ; total bilirubin, 0.7 mg/dl ; direct bilirubin, 0.1 mg/dl ; serum alanine transaminase, 57 IU/l ; and prothrombin time, 10.5 s. The patient was negative for hepatitis B surface antigen but positive for hepatitis C antibody, and hepatitis C viral RNA concentration was 4.0 log10 IU/mL. The indocyanine green dye retention rate after 15 min was 9.1% (control range !10%). Levels of serum tumor markers were as follows : α-fetoprotein, 3 ng/mL ; a proportion of α-fetoprotein L3 isoform, ! 0.5% ; and des-γ-carboxy prothrombin, 1288 mAU/ml.
Dynamic multi -detector computed tomography (MDCT) showed a contrast effect inside the tumor, which measured 10 cm in diameter, in the arterial phase (Fig. 1A) . In the portal and delayed phases, the contrast agent was not retained. In addition, APVB was detected by MDCT (Fig. 1B) .
The patient underwent right hemihepatectomy as a curative treatment for hepatocellular carcinoma. In the hepatic hilum, the left portal vein was not visible (Fig. 1C) . Intraoperative ultrasonography was performed and hepatic transection was started along the Cantlie line. Once the left portal vein was revealed in the transection plane, the anterior and posterior Glissonean pedicles were exposed (Fig. 1D) . The optimal incision line was determined by preoperative simulation with the SYNAPSE VINCENT volume analyzer (Fujifilm, Japan) ( Fig. 2A) . Intraoperative cholangiography was performed to confirm the resection line of the Glissonean pedicles ( Fig. 2B ) before stapler-assisted resection ( Fig. 2C and D). After the operation, ultrasonography showed normal intrahepatic portal vein flow and no stenosis of the portal system. Until postoperative day 2, the patient's course was uneventful. However, on postoperative day 3, ultrasonography revealed portal vein thrombosis with an increased volume of ascitic fluid in the drainage tube. A portal thrombus was observed from the superior mesenteric vein through the left portal vein by CT (Fig. 3A) . Administration of low-molecular-weight heparin and anti-thrombin ! ! ! formulation was initiated to dissolve the thrombus. The thrombus did not increase in size, although CT showed the formation of new collateral vessels on postoperative day 8 (Fig. 3B) . Ascites decreased gradually without any other complication, and the patient was discharged from hospital on postoperative day 28.
DISCUSSION
A normal branching pattern of the main portal vein into the right and left portal veins is reported in "80% of the population. The most common anomaly is trifurcation of the main portal vein, which is observed in "10% of the population (5). In a previous report, APVB was defined as follows (6) . The extra-parenchymal left portal vein was missing and the right portal vein entered the right hilum normally. After that, the right portal vein formed right posterior and anterior branches and turned left towards the umbilical fissure. This anomaly must be detected in patients who have undergone hepatectomy. Unless this anomaly is detected preoperatively, there is a risk of portal vein thrombosis resulting from wrongly identifying the portal vein branch and clamping the main portal vein. APVB in liverresection and postoperative fatal portal vein thrombosis were reported by Koh et al. in 1994 (3) . After that report, cases 
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of APVB with safe hepatic resection for cancer treatment or safe hepatic splitting for liver donation were reported (7, 8) . Spampinato et al. described major right hemihepatectomy in a patient with APVB (4). They concluded that preoperative knowledge of the vascular structure from MDCT with three-dimensional reconstruction was beneficial for the surgeon to perform safe hepatectomy. In our case, APVB was recognized preoperatively ; however, portal vein thrombosis occurred. We performed intraoperative cholangiography and confirmed the presence of APVB by intraoperative ultrasonography. However, the incision line for the right anterior and posterior branches of the portal vein, using the stapler, may have been too close to the main portal vein, resulting in its lateral wall being cut.
The Glissonean pedicle approach is a simple method of dissection (9, 10) . In cases of vascular anomaly, the ligation of the pedicle should be performed near the liver parenchyma to avoid injuring the elements that enter another section (9) . Although we performed the liver resection with care, the stapling line might be too close to the right portal vein. Particularly in cases of APVB, the surgeon should be aware of this danger ; careful Glissonean pedicle transection is required, or an intrafascial approach may be useful, which opens Glisson's capsule and treats the vessels individually.
Portal vein thrombosis is a serious postoperative complication of liver resection. Yoshiya et al. reported that the incidence of portal vein thrombosis after hepatectomy was 9.1%, and right hemihepatectomy was a significant independent risk factor for main portal vein thrombosis (11) . In the present case, the patient underwent right hemihepatectomy. Virchow's triad of hypercoagulability, hemodynamic changes and endothelial injury are significant risk factors for portal vein thrombosis, and it is reported that these factors usually coexist (12) . A stapling line close to the right portal vein and the Pringle maneuver can affect the portal vein flow.
The presence of ascites indicates insufficient portal flow caused by portal vein thrombosis (13) . When portal vein thrombosis is found, anticoagulation therapy or mechanical thrombectomy is required for early recanalization of the portal vein (13) . In the present case, the portal vein thrombus was detected early by ultrasonography, and anticoagulation therapy with low-molecularweight heparin and anti-thrombin III was given. The thrombus remained ; however, sufficient collateral vessels were formed early to maintain the intrahepatic portal vein flow. APVB is a rare anomaly. Careful preoperative simulation and planning is necessary. In the present case, portal vein thrombosis occurred, although APVB was recognized preoperatively. Hence, meticulous care with Glissonean pedicle transection is required in patients with this anomaly.
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